The phenolic acids content of methanolic extracts before and after acidic hydrolysis of different morphological parts of Chenopodium rubrum was determined by LC-ESI-MS/MS. Overall eleven phenolic acids were detected and quantified. The most common were p-coumaric, ferulic and salicylic acids, which were present in all analyzed extracts. Gallic, caffeic, vanillic, syringic and sinapic acids were found in bound forms. Gentisic acid was most abundant in roots (3.7 mg/100g d.w.), syringic acid in stalks (2.9 mg/100 g d.w.), ferulic acid in leaves (6.0 mg/100g d.w.), and protocatechuic acid in seeds (2.3 mg/100g d.w.). The highest concentration of examined acids was found in leaves (19.1 mg/100g d.w.) and roots (10.0 mg/100g d.w.). Cytotoxic activity of extracts was tested against human cancer cell lines HTB 140, WM 793, Du 145 and normal PNT2 cells. Only the seed extract showed activity against malignant melanoma WM 793 cell line (69.6 ± 0.7% of dead cells at 100 µg/mL).
Apart from being a good nutritional source of proteins, carbohydrates, fats, vitamins and minerals, Chenopodium species accumulate a variety of secondary metabolites, some of which are considered genus-specific. These include betalains, alkaloids, triterpenes and saponins [5] .
Ch. rubrum is an annual weed, very adaptable to different environmental conditions. In recent years it has gained attention as a good material for in vitro studies of plant physiology, for which purpose cell suspensions of this species are used [1, [6] [7] [8] [9] .
The pharmacological potential of Ch. rubrum remains to be uncovered, but it is noteworthy that this plant has been used against cancer in traditional Indian medicine. There are reports on cytotoxic activity of Ch. rubrum extracts against several cell lines (TOV-112D, HT-15, HT-27, IMR-32, A-549). Also, their anti-oxidant potential has been established as high in DPPH, LPO, CHEL and RED tests. [10, 11] .
Data on the phytochemical composition of Ch. rubrum include reports on melatonine, sterols, and essential oil contents. Also, total flavonoid and total phenolic contents were determined in a previous work by Nowak et al. [11] . More detailed phytochemical studies were performed on Ch. rubrum cell suspensions. Among others, the presence and levels of phenolics such as coumaric, ferulic, sinapinic, vanillic and hydroxybenzoic acids were determined [9, [11] [12] [13] [14] .
In view of the reported high anti-oxidant potential of Ch. rubrum and lack of data on individual phenolic acids in this plant species, and also in order to establish potential differences between phenolic acids accumulated in plant cell suspensions versus specimens grown in natural conditions, the aim of this study was to evaluate the qualitative and quantitative profiles in different morphological parts by LC-ESI-MS/MS. Moreover, the activity against human melanoma and prostate cancer cell lines was also evaluated.
Both free and bound phenolic acids were examined in the different organs of Ch. rubrum and the results are presented in Table 1 . Altogether, eleven phenolic acids were detected and quantified by LC-ESI-MS/MS. Eight acids were found in all plant parts, either free or bound, namely: gentisic, p-hydroxybenzoic, vanillic, salicylic, p-coumaric, ferulic, sinapic and syringic acid. Protocatechuic acid was present in all organs except roots, whereas caffeic acid was absent in stalks only. Sinapic acid occured mainly in a bound form, being released after hydrolysis in stalks, leaves and seeds. Also, gallic acid was detected only in roots and stalks, in a bound form.
Results from quantitative analysis indicate that the highest amounts of examined phenolic acids can be found in leaves (19.1 mg/100 g d.w.) and roots (10.0 mg/100g d.w.). The most abundant compound in roots is gentisic acid (3.7 mg/100 g d.w.), in stalks syringic acid (2.9 mg/100 g d.w.), in leaves ferulic (6.0 mg/100 g d.w.) (also its concentration was the highest in all examined parts), and in seeds protocatechuic acid (2.3 mg/100 g d.w.).
A comparison of our data with the results obtained by Bokern et al. for Ch. rubrum cell suspensions [14] seem to confirm that specimens collected from natural stands also accumulate mainly hydroxybenzoic, hydroxycinnamic, ferulic and sinapic acids, or their derivatives. The overall profile of phenolic acids in Ch. rubrum is similar to other Chenopodium species. Moreover quantitative levels of individual acids are close or comparable with those reported for other Amaranthaceae species. Some differences 856 Natural Product Communications Vol. 13 (7) 2018 Mynarski et al. 
NPC Natural Product Communications
H -hydrolyzed extract, Gal -gallic, Prc -protocatechuic, Gen -gentisic, pBe -4-hydroxybenzoic, Van -vanillic, Caf -caffeic, Syr -syringic, pCo -p-coumaric, Fer -ferulic, Sal -salicylic, Sin -sinapic, Ver -veratric, mCi -3-hydroxycinnamic, Ros -rosmarinic, LOQ -limit of quantification, ND -under limit of determination.
between Ch. rubrum and other species of Chenopodium can be caused by either their genome differences or environmental conditions [15, 16] .
The methanolic extracts were tested on two skin cancer cell lines, and two prostate cell lines. Only the seed extract showed cytotoxic activity against the WM 793 cell line (69.6 ± 0.7 % dead cells at 100 µg/mL), in a dose dependent manner, while melanoma HTB 140 and prostate cancer DU 145 cells remained unaffected. No toxic effect on normal prostate epithelial cells was observed for the tested extracts.
This is the first report on individual phenolic acids in different morphological parts of Ch. rubrum grown in natural conditions. The results confirm similar levels and pattern of phenolic acids to other species of Chenopodium [5] . The cytotoxic effect of Ch. rubrum seed extract observed in this and previous studies warrants further research to indicate the constituents responsible for this activity.
Experimental
Chemicals and reagents: Methanol and ethyl acetate for extraction were purchased from "Chempur" (Gliwice, Poland), and hydrochloric acid from "STANLAB" (Lublin, Poland). Hydrolysis: Hydrolysis conditions were according to Pyrzynska and Biesaga [17] , with slight modifications. Briefly, approximately 150 mg of methanolic extracts from each organ were heated under reflux on a boiling water bath with 10 mL of 1.2 M HCl, for 2 h, protected from light. Next, samples were filtered and filtrates were extracted 3 times by shaking with 10 mL of ethyl acetate for 3 min., with 4 min. intervals. Organic fractions were collected, evaporated in vacuo at 50 o C to a volume of 5 mL, transferred to vials and dried with compressed air to a constant mass. Samples were stored in a freezer.
Quantification of phenolic acids by LC-ESI-MS/MS
Chemicals and reagents: Phenolic acid standards: gallic, protocatechuic, gentisic, p-hydroxybenzoic, vanillic, caffeic, syringic, p-coumaric, ferulic, salicylic, synapic, veratric, 3-hydroxycinnamic and rosmarinic acid were purchased from SigmaAldrich Fine Chemicals (St. Louis, MO, USA), as was formic acid . Methanol for LC was from J.T. Baker (Phillipsburg, USA). LC grade water was prepared using a Millipore Direct-Q 3 Water Purification System.
Sample preparation: For analysis, samples were dissolved in 80% methanol to obtain stock solutions and filtered through a membrane filter of 0.45 μm membrane pores.
LC-ESI-MS/MS analysis:
Conditions following Nowacka et al. [18] , with slight modifications were applied. Samples were analyzed using a LC Systalk Agilent Technologies 1200 SL series, with binary gradient solvent pump, degasser, an autosampler and oven connected to a 3200 QTRAP Mass Spectrometer (AB Sciex). A Zorbax SB-C18 (2.1 x 50 mm, 18-Micron) column was used, thermostated at 25 o C. Gradient elution was performed by solvent A {0.1% (v/v) formic acid} and B {0.1% (v/v) formic acid in methanol}, flow rate 400 μL/min, injection volume 3 μL. The elution program was as follows: isocratic from 0-0.8 min.: B -5%; 2 -3 min.: B -20%; 5-7.5 min.: B -100%; 8.5 -11 min.: B -5%.
A mass spectrometer 3200 QTRAP MS/MS (AB Sciex) detector was used with an electrospray ion source in the negative mode. Drying gas flow pressure: 30 psi, drying gas temperature: 500 o C, nebulizing gas pressure: 60 psi, negative ionization mode source voltage -4500V. Nitrogen was used as curtain and collision gas. The data were acquired and processed using Analyst 1.5 software (AB Sciex).
Multiple reaction monitoring (MRM) was used for quantitative analysis of compounds. The analytes were identified by comparing their retention times and m/z values obtained by MS and MS2 with the mass spectra of the corresponding standards tested under the same conditions. The calibration curves obtained in the MRM mode were used for quantification of all analytes. The identified phenolic acids were quantified based on their peak areas and comparison with a calibration curve for the corresponding standards. Optimized and analytical parameters for analysis are specified in tables S1 and S2 (Supplementary data).
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Statistical analysis: Every replicate was analysed 3 times and for statistical analysis the mean value was used. Every sample was presented as the mean value of replicates ± SD.
Cytotoxic assay: Two malignant human melanoma cell lines HTB 140 and WM 793, low metastatic human prostate cancer cell line Du145, and normal human prostate epithelial cell line PNT2 were used to determine the cytotoxic potential of the tested extracts. Cells were grown on DMEM: Nutrient Mixture F-12 (WM 793 and PNT2), DMEM with 4500 mg/mL glucose (HTB 140), and DMEM with 1000 mg/mL glucose (DU 145), supplemented with 10% of bovine serum (FMB) and antibiotics mixture in an atmosphere of 5% CO 2 , at 37 o C, and constant humidity. The tested extracts were diluted in suitable culture media from stock solution (10 mg/mL) in methanol to the working concentrations (10-100 μg/mL). Viability of the cells was examined as described previously by Grabowska et al. [19] .
Before experiment, cells were seeded in 24 well plates (1.5x10 4 cells/well). The medium was replaced by the same medium with addition of the test extracts. Cells were incubated with the test extracts for 24 h. The positive control was incubated in medium with Triton X-100, and the negative in the same medium. Next, the cytotoxic effects were determined using the LDH colorimetric test and a Synergic II Biotek microplate reader.
The absorbance was measured at 490 nm (the reference wavelength 600 nm), according to the instructions provided by Clontech. Cytotoxicity of the samples was measured as follows: % cytotoxicity = [(A sample -A spont ) : (A max -A spont )] x 100, where A sample is the absorbance value for the cells treated with the tested extracts, A spont is the value for the spontaneous LDH release (negative control) and A max the value in lysed cells in the presence of Triton X-100 (positive control). The results were shown as mean ± SD for 3 replicates.
